used to support D which actually contacts and registers the detail of the soft tissues. Cylindrical wafers (6.0 mm in diameter and 1.0 mm in height) of a wax were made in a stainless steel die. TMA* was carried out on three specimens each for stresses of 14.9 and 250t kPa (1.52 and 25.5 g/m2, respectively) from 25 C to the temperature at which maximum (100%) penetration occurred for the various waxes. The quartz penetration probe has a diameter of 0.92 mm and a length of 0.72 mm; thus 100% penetration refers to a vertical displacement of 0.72 mm. The calibration procedure has been described elsewhere. 2 The analysis was conducted in air, and a linear heating rate of 5 C per minute was used. All TMA curves began 25 C with zero percent penetration. Temperatures at which 10, 50, and 90% penetration occurred and the percent penetration that occurred at 37 C were recorded. DTA** was carried out on three specimens from 25 C to 100 C in air with a heating rate of 20 C per minute as described elsewhere.'
Data were analyzed statistically by analysis of variance6 and means compared by Scheffe intervaIs7 computed from the analysis at the 95% level of confidence.
Results
DTA thermograms are shown in Figure 1 for the impression waxes in order of increasing temperature of the initial endothermic transition. The waxes E, D, I, C, and H had initial transition temperatures below 37 C, whereas the waxes B, G, A, F, and J had initial transition temperatures above 37 C. The peak temperatures reported for each curve were corrected for nonlinear response of the DTA thermocouples, whereas the curves themselves were not corrected. An analysis of variance of the initial transition temperatures indicated there were significant differences among the means (F.95. 9,20 = 1420). A comparison of means by a Scheffe interval of 1.5 C indicated there were no significant differences among the means of E, D, and I, nor between H and B. Temperatures (corrected) at which penetrations of 10, 50, and 90% occurred are listed in Table 2 for the waxes at stresses of 14.9 and 250 kPa. The waxes are ranked in order of increasing temperature corresponding to 90% penetration at a stress of 250 kPa. An analysis of variance of the temperatures corresponding to 90% penetration at 250 kPa indicated there were significant differences among the means (F9 9.20 _508)W. A comparison of means by a Scheffe interval of 2.1 C indicated there wxlere no significant differences between the means of E and D, C and I, I and B, H and G, nor A and J, as illustrated by underscoring in Table 2. Penetrat;on thermograms are superimposed on DTA curves in Figure 1 for the waxes. The penetration curves at the higher stress curves 2, # 250 kPa) appeared to be related to the initial endothermic transitions for the waxes tested; therefore, a plot of the mean value of the temperature (Tp) at vvhich 90% penetration occurred at 250 kPa versus the mean value of the initial transition temperature (Ti) was made (Fig 2) could be rejected was 0.632 at the 95% level of confidence.
The penetration curves at the lower stress level (curve 1, 14.9 kPa) were of two types as exemplified by waxes A and D in Figure 1 .
Waxes F, G, H, and I had penetration curves similar to wax A for which some initial penetration occurred at the initial transition, but for which the major penetration was related to the second transition. Waxes B, C, E, and J had penetration curves similar to wax D for whiclh the major penetration at 14.9 kPa occurred over a temperature range nearer to the onset of the second transition than to the peak temperature as for vax A. By inspection of Figure 1 and Table 2 , it wsas observed that four waxes (C, D, E. and I had values of temperature at which 90% penetration occurred at 250 kPa that were below 37 C. The mean values with standard dceviations in parentheses of percent penetration that occurred at 37 C and 250 kPa in order of decreasing penetration were determined from the pene- j Dent Res January 1978 age. The initial transition (56.6 C) of J is characteristic of melting of a hydrocarbon wax such as paraffin. The broad melting transition and the lack of an endothermic transition corresponding to a solid-solid phase change suggest the presence of additional components. The transition at 74.8 C is characteristic of carnauba wax, a high melting ester wax.'
The penetration curves at the high stress level (Figure 1 ) of the impression waxes, except F and J, were related to the solid-solid phase transformations of the hydrocarbon components. The melting transition of the wax appears to have had little effect on penetration at 250 kPa. For wax F, which is a mixture of hydrocarbon and ester waxes, penetration at the high stress is related to melting of the hydrocarbon component, whereas at the low stress penetration is influenced by the melting transition of the ester component. For J, penetration at both stress levels is related to the broad melting transition of the hydrocarbon component of the wax.
Clinically, waxes D, E, and I are used to make impressions of the soft oral tissues. For this application high flow at mouth temperature is desirable and was observed at both stress levels. Waxes A, B, and C are used to support D and had less flow at mouth temperature than D. Waxes F, G, H, and J are used clinically to make impressions of the occlusal surfaces of the teeth. During removal of the impression, low flow is desirable to minimize distortion. At 250 kPa the penetration of F, G, and J was between 2.5 and 8%, but for HI was 22%. The relatively high flow of H may be justified because of its use as a functional bite wax.
Conclusions
Ten dental impression waxes were characterized by penetration and DTA. Among the waxes that were compounded from hydrocarbon waxes, penetration at 250 kPa was correlated to the solid-solid phase transformation. Penetration at 250 kPa of the waxes containing both hydrocarbon and ester components was determined by the melting transition of the hydrocarbon wax. Penetration at 37 C ranged from 2.5 to 22% for bite waxes and was 100% for corrective waxes. Distortion of an impression wax may occur upon removal from the mouth.
